THE CLAY MINERALS SOCIETY
The Clay Minerals Society (CMS) was organized in 1963 to stimulate research and to disseminate information relating to all aspects of the science and technology of clays and other fine-grained minerals. It sponsors an annual Clay Conference where research and invited papers are presented in technical sessions and special symposia. Field trips are organized to important occurrences of clays in regions near the Conference locations and to industrial sites of clay production and application. In conjunction with its annual meetings, workshops are held on technical subjects of interest to clay researchers and technologists. CMS publishes Clays and Clay Minerals, which is the leading international journal in the field of clay science. In this journal are presented the latest scientific investigations in all areas of the field and from all parts of the world, along with timely review articles and announcements of new publications on clays and other fine-grained minerals.
CMS also sponsors the Source Clays Repository, which is now well established as the provider of clay samples to a plethora of research groups worldwide and to teachers of clay science. It also offers other clay-related publications to its members at a discount over publisher's list prices.
Its multi-disciplinary membership includes agronomists, microbiologists, surface chemists, physicists, geologists, mineralogists, geochemists, material scientists, soil scientists, crystallographers, sedimentologists, economic geologists, colloid chemists, ceramicists, rheologists, petroleum engineers, and geotechnical engineers, thereby offering members the opportunity to exchange ideas and results with fellow researchers having widely different backgrounds and expertise. The workshop covered all aspects of surface modification of clays, a critical step in imparting to clays a broader impact in industries such as oil and gas exploration, paint, grease, cosmetics, water treatment, pharmaceuticals, and nanocomposites. The workshop was attended by 50 participants and the seven presenters are world leaders in the field. The talks prompted lively discussion and exchanges of ideas on the subject. The chapters in this volume are a result of that workshop.
The first chapter by Powell covers the very important area of surface modification of clay minerals via ion exchange with onium ions. This is the largest and most important industrially practiced method of surface modification, quaternary ammonium ions being the most important owing to their widespread commercial use as fabric softeners. The chapter covers the synthesis of organoclays utilizing quaternary ammonium ions as well as the structure-property relations associated with different functionalities on the quaternary ammonium ions. These organoclays are used widely as rheological additives in paint, grease, cosmetics, and drilling muds.
The second chapter, by Beall, covers the use of ion-dipole interactions between cations on the surfaces of smectite clay minerals and polar organic molecules to surface modify the clay minerals. This method of surface modification has expanded the types of chemistries available to industry and researchers and is critical because the functionalities available in quaternary ammoniums are somewhat limited. In this chapter, modification with both small-molecule organics as well as polymers is discussed. Particular attention is given to the implications for polymer/clay nanocomposites of this method of surface modification. Molecular modeling of the data presented demonstrates some of the unique characteristics of this method such as self-assembly.
The third chapter, by Matusik, shifts the discussion to the kaolin-group minerals with 1:1 layered structure and talks about how they can be used successfully for the synthesis of new hybrid organo-inorganic nanomaterials. An appropriate selection of the reacting molecules introduced via intercalation and/or grafting reactions and synthesis conditions may induce interesting properties, e.g. luminescence, catalytic activity, and affinity to sorb ions and molecules. The chapter presents several new materials that have been synthesized using the 1:1 layered structure as a building block. The most interesting materials may be obtained via a grafting reaction, which involves the inner-surface OH groups of the octahedral sheet. Such materials show increased thermal stability as well as stability in aqueous solutions in contrast to intercalation compounds. The chapter covers four different types of materials which could be obtained using kaolin-group minerals and their possible applications: (1) kaolinite nanotubes in the synthesis of polylactide-based nanocomposites; (2) methoxy-kaolinite and intercalates with ammonium salts; (3) interlayer quaternized kaolinites and their anion-exchange properties; and (4) interlayer grafted kaolinites for heavy-metal sorption.
In chapter 4, by Brendlé, the focus is shifted back to smectite 2:1 clay minerals but of the synthetic variety. The modification of synthetic 2:1 clays differs markedly from natural smectites due to the much smaller aspect ratio. The smaller aspect ratio results in a much larger portion of the surface area being of the edge type. These edges are very amenable to coupling reactions with functional alkoxysilanes, thus allowing a much larger range of functionalities to be introduced. The purity of these synthetic clays can be controlled to a large extent, which is not possible with natural clay minerals. The chapter covers ion-exchange reactions, silane coupling reactions, pillaring with host hydroxyl metal polymers, and one-pot synthesis of talc-like organoclay. The applications of these various treatment methods is also presented.
In chapter 5, by Sun, the grafting of thiol group-terminated chains onto single-layer a-zirconium phosphate (ZrP) nanosheets, which were subsequently oxidized to sulfonic acid groups, is described. The characteristics of the sulfonic acid-functionalized ZrP nanosheets are presented and the results proved that sulfonic acid group-terminated chains were grafted successfully onto the ZrP nanosheets surface with a high loading density. These strong solid-acid inorganic nanosheets can be dispersed well in polar solvents, leading to high access to the acid functional groups. The sulfonic acidfunctionalized ZrP nanosheets can serve as effective heterogeneous catalysts for various reactions (such as Bayer-Villiger oxidation). They can clearly also be incorporated into proton-exchange membranes to form composite membranes showing promise for fuel-cell applications.
Chapter 6, by Rytwo, focuses on analytical techniques that are useful for characterizing surface-modified clays. Three relatively unusual techniques are described, which deliver very interesting information on the surface modifications performed on clay minerals: (1) streaming current detector (more commonly known as particle charge detector) to monitor changes in the colloidal charge of the surface of modified particles; (2) dispersion analyzer to monitor sedimentation/dispersion behavior as a function of the modification, and in several cases even to yield a very good estimate of the size of the particles; and (3) NMR-based specific surface area measurements, which yield information on the area and, in some cases, even on changes in the hydrophobic-hydrophillic surfaces formed due to the modification. The chapter presents a few specific examples for each technique.
In chapter 7, Aranda describes the surface modification of fibrous clay minerals. The characteristics of fibrous clay minerals (sepiolite and palygorskite) which include large specific surface area and silanol groups located at the external surfaces of these clays are discussed. The chapter introduces various methodologies used in the preparation of new nanoarchitectures, based on the assembly of nanoparticles (NPs) on these fibrous clays, with special emphasis on the use of the sol-gel techniques. Examples are presented of the formation of the NPs, e.g. zeolites, which become assembled to the clay fiber via covalent bonds during the synthesis process. Further examples of the use of ferrofluids allowed the development of nanoarchitectures VII in which iron oxide NPs decorated sepiolite fibers and exhibited superparamagnetic properties in the resulting materials. Examples of various multifunctional materials based on magnetite-sepiolite nanoarchitectures are also introduced and discussed critically.
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